relatively low cytotoxic potency when administrated as a sole treatment, whereas membrane-presented ligands appear to be superior (Albarbar et al., 2015) .
contrast, membrane-presented CD40L (mCD40L) is highly pro-apoptotic and induces extensive apoptosis in carcinoma cells, when presented to target carcinoma cells on the surface of third-party cells (Georgopoulos et al., 2006 and 2007) or by mCD40L-expressing, naturally-activated immunocytes (Hill et al., 2008) .
The ability of mCD40L (but not soluble agonists) to efficiently kill malignant cells, and in a tumour cellspecific fashion, reflects the two most remarkable properties of the CD40-mCD40L dyad and our recent studies have deciphered these two fundamental properties of CD40. We utilised a co-culture system that involved culture of target, carcinoma (or normal) cells with growth-arrested, third-party, effector cells engineered to express the CD40L on their surface, in order to achieve presentation of mCD40L. This allowed us to study the ability of mCD40L to induce a number of different morphological and biochemical features of apoptosis, as well as define the intracellular mediators of cell death (Dunnill et al., 2017) .
Here, we provide a detailed protocol for the preparation of the co-culture system for mCD40L delivery to epithelial target cells (in comparison to soluble agonist, i.e., agonistic anti-CD40 antibody) and methodologies to assess mCD40L-induced apoptosis and detection of its intracellular mediators.
Materials and Reagents
A. Materials 11. 5 ml serological pipettes (SARSTEDT, catalog number: 86.1253.001) 12. 10 ml serological pipette (SARSTEDT, catalog number: 86.1254.001) 13. 25 ml serological pipettes (SARSTEDT, catalog number: 86.1685.001) 14. 120 ml sterile container graduated (x250) (SARSTEDT, catalog number: 75.9922.420) by the addition of the respective serum-supplemented culture medium when cells were resuspended, followed by centrifugation to aspirate medium and resuspension in fresh culture medium.
d. Cultured cells were medium-changed every two days, unless otherwise stated. 3T3 cells were harvested and passaged as with carcinoma cells with the exemption of a very short EDTA/PBS treatment, as extended periods risked rapid cell detachment.
Cryopreservation and recovery
a. For long-term storage, following growth and appropriate passage, cell 'banks' and 'subbanks' were cryo-preserved in liquid nitrogen as described below. 
Other
All cell lines were routinely tested to confirm absence of Mycoplasma contamination using the 
Note: By seeding the above-stated number of epithelial cells, a 1:1 (effector:target) ratio is utilised (e.g., HCT116 cells); however in some cases a 1:0.8 ratio might be optimal (e.g., EJ cells).
e. The co-cultures are now established and multi-well plates (or dishes) are incubated at 37 °C ( Figure 1B ).
f. Incubation period varies depending on the assay or procedure to be performed (e.g., cell death assays, collection of supernatants or to lyse the cells). Figure 2B provides an example of representative co-cultures at 72 h.
Notes: i. The same steps are followed for the co-culture of normal epithelial cells with 3T3 effectors, however for such co-cultures normal (NHU) cells are seeded in their own
(serum-free, KSFM medium).
ii. For functional inhibition experiments, co-cultures can take place in the continued presence of any pharmacological inhibitor, as required.
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www.bio-protocol.org/e2907 2. Add G28-5 monoclonal antibody (mAb) during seeding of the epithelial cells at a concentration of 10 µg/ml (mAb was purified from culture supernatants of the HB-9110 hybridoma line).
3. To increase the cross-linking capacity of the mAb, crosslink the antibody with the affinity-purified human serum protein-adsorbed goat anti-mouse IgG (X-linker) used at 2.5 µg/ml. Add the Xlinker to the cultures 30 min following addition of the G28-5 mAb.
Note: The differences in the pro-apoptotic capabilities of soluble agonists versus mCD40L have
been presented and detailed elsewhere (Dunnill et al., 2017) . 14 www.bio-protocol.org/e2907 Vol 8, Iss 13, Jul 05, 2018 DOI:10.21769/BioProtoc.2907 (following medium removal from the wells and as described in the co-culture protocol above).
Cell cultures are then incubated for 48 h (or 72 h). c. Incubate the dishes/plates at 37 °C and 5% CO2 for the required time period (can vary from 1.5 h to 36 h).
d. Upon completion of the incubation period, prepare lysates by adding 150 µl of complete lysis buffer/dish or 70 µl/well for 6-well plates (see Recipes for lysis buffer preparation) and quantify protein concentration in all lysates as described (Dunnill et al., 2017) .
e. Perform SDS-Polyacrylamide gel Electrophoresis (SDS-PAGE) and immunoblotting for 40 µg of protein lysate for the detection of intracellular proteins expression in target cells;
representative data are shown in Figure 7B . Figure 7A for an example and elsewhere (Dunnill et al., 2017) .
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